Abstract. Hemophilia A is an X-linked bleeding disorder caused by the deficiency of factor VIII (FVIII). Exogenous FVIII is administered therapeutically, and due to a short half-life, frequent infusions are often required. Fifteen to thirty-five percent of severe hemophilia A patients develop inhibitory antibodies toward FVIII that complicate clinical management of the disease. Previously, we used phosphatidylinositol (PI) containing lipidic nanoparticles to improve the therapeutic efficacy of recombinant FVIII by reducing immunogenicity and prolonging the circulating half-life. The objective of this study is to investigate further improvements in the FVIII-PI formulation resulting from the addition of polyethylene glycol (PEG) to the particle. PEGylation was achieved by passive transfer of PEG conjugated lipid into the FVIII-PI complex. PEGylated FVIII-PI (FVIII-PI/PEG) was generated with high association efficiency. Reduced activity in vitro and improved retention of activity in the presence of antibodies suggested strong shielding of FVIII by the particle; thus, in vivo studies were conducted in hemophilia A mice. Following intravenous administration, the apparent terminal half-life was improved versus both free FVIII and FVIII-PI, but exposure determined by area under the curve was reduced. The formation of inhibitory antibodies after subcutaneous immunization with FVIII-PI/PEG was lower than free FVIII but resulted in a significant increase in inhibitors following intravenous administration. Passive transfer of PEG onto the FVIII-PI complex does not provide any therapeutic benefit.
INTRODUCTION
Factor VIII (FVIII) is an essential cofactor in the intrinsic pathway of the blood coagulation cascade (1) . Deficiency or dysfunction of FVIII causes hemophilia A, a severe X-linked bleeding disorder (2) . Infusion of recombinant FVIII or plasma-derived FVIII as a replacement is the first line of therapy for hemophilia A patients (3) . Between 15% and 35% of severe hemophilia A patients will develop inhibitory responses to FVIII, presenting a major challenge in the clinical management of the disease (4) . Based on systematic epitope mapping experiments, the anti-FVIII antibodies have been found to mainly target amino acid regions 484-508 of the A2 domain (5, 6) , 1811-1818 of the A3, and 2181-2312 of the C2 domains (7) (8) (9) . Inhibition of FVIII activity results from antibodies against the A2 and A3 domains blocking interaction with factor IXa (7, 10) while antibodies against the C2 domain interfere with binding to platelet membranes (9, 11) . Shielding or modification of these epitopes could potentially reduce the immunogenicity of the protein (12) (13) (14) .
The half-life of FVIII in humans is only 10-12 h (15) . This short half-life is often due to poor in vivo stability resulting from a combination of binding to plasma proteins and antibodies, proteolytic inactivation by thrombin, factor Xa and activated protein C, and non-proteolytic degradation mechanisms (1, 16, 17) . In addition, low-density lipoprotein receptor-related protein (LRP), a member of low-density lipoprotein receptor (LDLR) family of endocytic receptors, has been shown to contribute to FVIII catabolism (18, 19) . As a result, prophylactic FVIII replacement therapy can require up to two to four infusions per week to maintain hemostatic efficacy (20, 21) . As the frequency of infusions increases, so does the risk for inhibitor formation (22, 23) . Less frequent infusions have also been linked to increased patient compliance (24) . A FVIII molecule or formulation that shows prolonged biological halflife and reduced immunogenicity would represent a major advancement in the treatment of hemophilia A.
Previously we reported that phosphatidylserine (PS)-containing liposomes could reduce the immunogenicity of FVIII but failed to provide sufficient systemic exposure following i.v. administration, believed to result from rapid uptake by the reticuloendothelial system (RES) (25) . Grafting liposomes with polyethylene glycol (PEG) has been shown to prolong liposome circulation in vivo (26) (27) (28) . The presence of PEG attracts water to the liposome surface and provides a barrier against opsonins and cells of the RES (29) . In addition, PEG neutralizes the surface charge of liposomes, decreasing the interaction between charged phospholipid head groups and opsonizing proteins (26) . PEGylation of FVIII-PS liposomes resulted in a further reduction of immune response compared to the un-PEGylated formulation but provided only a modest improvement in the pharmacokinetic profile (30) . Replacement of PS with phosphatidylinositol (PI) in FVIII containing lipidic particles provided a significant improvement in the half-life and avoided the rapid RES clearance observed with the previous formulations (31) . Both PS and PI interact with the amino acid 2303-2332 lipid binding C2 domain of FVIII, but PI also associates with the A2 domain and FVIII is believed to penetrate deeper into the lipid particle (32) (33) (34) . The topology of the FVIII-PI complex is more beneficial in reducing FVIII exposure to plasma components such as proteases and IgGs, as well as protecting the LRP binding sites within the A2 and C2 domains (18, 19) . The FVIII-PI complex also reduced immunogenicity in hemophilia A mice, possibly due to the shielding of immunogenic epitopes.
In the present study, we incorporated PEG conjugated lipids into the FVIII-PI complex and investigated the use of PEGylated FVIII-PI (FVIII-PI/PEG) to further improve therapeutic efficacy of FVIII. In vitro characterization of the complex was performed. The in vivo pharmacokinetics and immunogenicity of PEGylated FVIII-PI complex were evaluated in hemophilia A mice.
MATERIALS AND METHODS

Materials
Albumin-free recombinant full-length FVIII (Baxter Healthcare, Glendale, CA, USA) was used for the studies. Dimyristoylphosphatidylcholine (DMPC), soybean PI, and 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy (polyethylene glycol)-2000] (DMPE-PEG 2000 ) were purchased from Avanti Polar Lipids (Alabaster, AL, USA). Cholesterol was purchased either from Avanti Polar Lipids or from Sigma-Aldrich (St. Louis, MO, USA). IgG-free bovine serum albumin and diethanolamine were purchased from Sigma-Aldrich (St. Louis, MO, USA). Monoclonal antibodies ESH4 was purchased from American Diagnostica Inc. (Greenwich, CT, USA). Monoclonal antibody N77210M was purchased from Biodesign International (Saco, ME, USA). Normal coagulation control plasma, FVIII-deficient plasma, and activated partial thromboplastin time (aPTT) reagents were purchased from Trinity Biotech (County Wicklow, Ireland). The Coamatic FVIII kit from DiaPharma Group (West Chester, OH, USA) was used to determine FVIII activity in plasma samples. Endosafe Endochrom-K® kit was purchased from Charles River Laboratories Inc. (Charles River, MA, USA).
PEG-Coated FVIII-PI Complex
A thin lipid film composed of 50:50:5 molar ratio of DMPC/ PI/cholesterol was rehydrated with Tris buffer (25 mM Tris and 150 or 300 mM NaCl, pH=7.0) (31) . In order to produce small unilamellar vesicles, multilamellar vesicles were extruded through double polycarbonate membranes of 80 nm pore size (GE Osmonics Labstore, Minnetonka, MN, USA) using a highpressure extruder (Northern Lipids Inc., Burnaby, BC, Canada) and then sterile-filtered through a 0.22-μm MillexTM-GP filter unit (Millipore Corporation, Bedford, MA, USA). Recovery of the lipid preparation was determined by inorganic phosphorous assay (35) . A Nicomp Model CW 380 particle size analyzer (Particle Sizing Systems, Santa Barbara, CA, USA) was used to determine the size of lipid vesicles. To form the FVIII-lipid complex, FVIII was incubated with vesicles at 37°C at a molar ratio of 1:10,000 with gentle swirling for 30 min for all experiments. Endotoxin levels were tested in all formulations using the Endosafe Endochrom-K® kit (Charles River, MA, USA) and found to be below the detection limit.
To associate the particle with PEG, the FVIII-PI complex was added to a dry film of DMPE-PEG 2000 followed by incubation at 25°C for 45 min to facilitate the transfer of PEGylated lipid to lipidic particles. As micelle formation would lead to inefficient incorporation of PEG in liposomes, it is necessary to ensure that the volume of FVIII-PI complex added to the PEG film did not result in DMPE-PEG 2000 concentrations exceeding the critical micelle concentration, which was determined to be ∼100 μM. The final formulation contained 5 mol% PEG.
In Vitro Characterization of the FVIII-PI/PEG Complex
The activity of the FVIII-PI/PEG complex was determined with both the one-stage aPTT assay and by two-stage chromogenic assay. aPTT readings were taken on a Coag-A-Mate XM coagulometer (Organon Teknika Corporation, Durham, NC, USA), and the chromogenic readings were determined according to manufacturer's instructions (Coamatic FVIII kit). FVIII samples were also spiked with PI/PEG liposomes prepared in the absence of FVIII to determine if the particles themselves had any interfering effects on the assay.
To estimate the amount of FVIII associated with PEGylated liposomes, free protein was separated from bound protein using a discontinuous dextran density gradient (36) . Protein association efficiency of FVIII-PI/PEG complex was determined from the activity before and after separation using the aPTT assay. PEGylated FVIII-PI obtained after separation was also lyophilized and reconstituted in d-chloroform for NMR analysis to confirm PEG incorporation into lipidic particles.
Activity of FVIII and FVIII-PI/PEG in the Presence of Monoclonal Antibodies
To determine the effect of antibodies on the activity of FVIII, 20 ng/mL of FVIII or PEGylated FVIII-PI was incubated with 5 μg/mL of monoclonal antibodies ESH4 and N77210M, targeted to the C2 and A2 domains, respectively, at 37°C for 2 h. Following the incubation, residual FVIII activity was measured with the Coamatic FVIII kit. FVIII and FVIII-PI/PEG free of monoclonal antibodies were treated as controls and normalized as 100% FVIII activity.
Animals for In Vivo Studies
Breeding pairs of hemophilia A mice (C57BL/6J) with a targeted deletion in exon 16 of the FVIII gene were provided by Dr. HH Kazazian and Dr. R Sarkar from University of Pennsylvania, Philadelphia, PA, USA (37) . A colony was established, and animals between 8 and 12 weeks old were used for the in vivo studies. All animal experiments were approved and performed according to the guidelines of Institutional Animal Care and Use Committee of the University at Buffalo.
Pharmacokinetics Studies
FVIII-PI/PEG (400 IU/kg) was administered to a group of male hemophilia A mice as a single i.v. bolus injection via the penile vein. For FVIII-PI/PEG, dosing was specified by the activity of FVIII added to the particles, and plasma concentrations were determined by comparison to a standard curve of the same formulation. Blood samples were collected from at least three mice per time point by cardiac puncture using syringes containing acid citrate dextrose (ACD-85 mM sodium citrate, 110 mM D-glucose, and 71 mM citric acid) buffer (10:1v/v blood/ACD) at 0.08, 0.5, 1, 2, 4, 8, 16, 24, 30, 36, 42, and 48 h post-injection. Plasma was separated immediately by centrifugation at 5,000×g at 4°C for 5 min and stored at −80°C until analysis. The activity of FVIII in all plasma samples was measured by chromogenic assay. Noncompartmental analysis was performed using Phoenix WinNonlin v6.2 (Pharsight Corporation, Mountain View, CA, USA), and basic pharmacokinetic parameters including halflife (t 1/2 ), clearance (CL), volume of distribution (V), mean residence time (MRT), and area under the curve (AUC) were generated. Comparisons were made to the pharmacokinetics of free FVIII and FVIII-PI previously obtained under identical experimental conditions (31) .
Immunogenicity Studies
The relative immunogenicity of FVIII-PI/PEG was determined in hemophilia A mice. Four weekly injections of 10 IU were administered subcutaneously to female mice (n= 8) or intravenously via the penile vein to male mice (n=6). At the end of sixth week, blood samples were collected by cardiac puncture into ACD buffer at a 10:1 (v/v) blood/ACD ratio. Plasma was collected as before and stored immediately at −80°C. Inhibitory antibody titers were measured by the Nijmegen modification of the Bethesda assay (38, 39) . Clotting times determined from various dilutions (1:2 to 1:1,024) of normal coagulation control plasma were used to create a calibration curve. Mouse plasma samples were serially diluted (1:8 to 1:16,000) in human FVIII-deficient plasma. Each diluted plasma sample (100 μL) was mixed with an equal volume of normal human plasma and incubated at 37°C for 2 h. The remaining FVIII activity was determined at the end of the incubation using the aPTT assay. A plot of residual activity of test samples at various dilutions versus log of the dilution was created, and a linear regression was performed on the linear part of the curve. Inhibitory titers, expressed in Bethesda units, are defined as the dilution at which 50% of FVIII activity is inhibited. Inhibitory titer data for free FVIII and FVIII-PI/PEG has been previously reported (31) .
Statistical Analysis
Statistical differences (p<0.05) were tested using Student's independent two-sample t test or one-way ANOVA with Bonferroni's multiple comparison test. For pharmacokinetics studies, differences in systemic exposure between the two treatments were compared using the Bailer-Satterthwaite method (40) .
RESULTS
In Vitro Characterization of PEGylated FVIII-PI
The activity measured after association was significantly reduced as determined by both aPTT and chromogenic assays, 53.4±2.4% and 74.6±3.2%, respectively (Table I) . This reduction in FVIII specific activity is probably due to the steric effect of PEGylation, which may decrease the accessibility of FVIII for required interactions. FVIII is inactive in its native form. Upon activation to FVIIIa, it must associate with factor IXa on a phospholipid surface to form the tenase complex that converts factor X to factor Xa (41, 42) . The presence of PEG on the liposome surface may limit the ability of FVIII to exit the complex and engage in required molecular interactions. Our PEGylation approach does not involve cross-linking or covalent attachment of PEG to FVIII that might reduce the intrinsic activity of FVIII. The reduction may instead be due to the temporary shielding of the FVIII surface. Upon exposure to the plasma components, FVIII would be slowly released from the PEGylated lipidic particles and become available for protein interactions critical (Table I) . To ensure that PEG was successfully incorporated into the FVIII-PI particles, FVIII-PI/PEG was separated by centrifugation on a discontinuous dextran density gradient. Association efficiency was determined by comparing the activity recovered in the less dense upper layers to that of the total activity by aPTT. The association efficiency of FVIII-PI and FVIII-PI/ PEG was 72.1±9.1% and 82.1±7.8%, respectively (mean±SD). This change was not significantly different (p>0.05, Student's independent t test). The separated FVIII-PI/PEG was also analyzed using NMR spectroscopy to confirm the incorporation of PEG into the lipidic particles (Fig. 1 ). Peaks associated with the PEG component in FVIII-PI/PEG were detected at 3.63 ppm and are consistent with the DMPE-PEG 2000 control. Our data indicated that PEG conjugated lipid was successfully transferred into the FVIII-PI complex without inhibiting the association of FVIII with PI particles.
Activity of FVIII and FVIII-PI/PEG in the Presence of Monoclonal Antibodies
To show that the PEGylated FVIII-PI complex is more resistant to inhibitory antibodies binding compared to free FVIII, we performed in vitro studies with monoclonal antibodies ESH4 and N77210M, directed against the C2 and A2 domains, respectively. The activity of FVIII and FVIII-PI/PEG in the absence of monoclonal antibodies was measured using the chromogenic assay and normalized to 100%. Residual FVIII activity after incubation with the antibodies was then determined (Fig. 2) . Our results showed that both free FVIII and FVIII-PI/PEG were inhibited by the monoclonal antibodies. However, PEGylated FVIII-PI retained 36% more activity than free FVIII in the presence of ESH4 and 19% more activity in the presence of N77210M. This suggests that PI/PEG may offer protection of immunogenic epitopes in the presence of antibodies. Translation of this effect to the in vivo setting could provide significant benefits in achieving efficacy in patients who have developed high antibody titers. 
Pharmacokinetics Studies
In order to evaluate the effect of PEGylation on the in vivo disposition of FVIII-PI/PEG, pharmacokinetic studies were conducted in hemophilia A mice (Fig. 3) . It is interesting to note that only about half of the dose injected (∼5 IU/mL) was recovered in the plasma samples at 5 min post-injection. As the standard curve used to determine FVIII-PI/PEG activity already accounts for apparent activity loss from encapsulation, this low initial recovery represents a further loss of activity upon injection. FVIII-PI/PEG is expected to display limited distribution into extravascular tissues, so the source of this initial discrepancy is not readily apparent. The dispositions of all formulations appear similar from 0.5 to 30 h, but beginning at 36 h, they start to diverge. The plasma activity of the protein could be monitored only up to 36 h following administration of free FVIII, but for FVIII-PI-and FVIII-PI/PEG-treated mice, activity of the protein could be detected reproducibly even after 48 h post-injection. The apparent terminal t 1/2 of FVIII-PI/PEG was increased ∼6-fold and ∼2 compared to free FVIII and FVIII-PI, respectively (Table II) . Despite the terminal half-life increase, there was a reduction in AUC 0-t largely due to the lower recovery at 5 min. The decrease in AUC 0-t for FVIII-PI/PEG was not significantly different compared to free FVIII (p>0.05, oneway ANOVA with Bonferroni's multiple comparison test) but was significantly lower than that observed for FVIII-PI (p<0.05, one-way ANOVA with Bonferroni's multiple comparison test). Data for MRT 0-t and AUC 0-t are not extrapolated to infinity as predictions at time points beyond 48 h are difficult to validate and the contribution of this area to total AUC constitutes less than 5%.
Immunogenicity Studies
In vivo immunogenicity of free FVIII and PEGylated FVIII-PI was evaluated in a mouse model. Hemophilia A mice mount an IgG-based immune response similar to that of patients with hemophilia A (43) . Immunizations were administered subcutaneously, and it has been shown that inhibitory titers to FVIII generated via this route are comparable to those following i.v. administration (31, 44) . The results obtained from immunogenicity studies are summarized in Table III . When administered subcutaneously, compared to free FVIII, inhibitory titers were significantly reduced by FVIII-PI (p<0.001) and FVIII-PI/PEG (p<0.01), but no statistical difference could be established between these two lipidic formulations (Table III ). The precise mechanism responsible for the lower immune response observed following s.c. injection with the FVIII-PI/ PEG complex has not yet been evaluated but is believed to be similar to the epitope protection offered by FVIII-PI.
A surprising observation was the increased immunogenic response for FVIII-PI/PEG when administered intravenously, and the results suggest that the beneficial effects of PEGylation were completely abolished. While PI-FVIII still resulted in a reduction over free FVIII (p<0.05), FVIII-PI/ PEG caused an increase in titers that were significant compared to both free FVIII and FVIII-PI (p<0.001).
DISCUSSION
The overall goal of this research is to reduce the frequency of administration of FVIII by increasing the circulation time of the protein and reducing the intensity of immune response to FVIII in vivo. Previously we reported that FVIII associated with PI containing lipidic particles has potential to be a useful therapeutic approach for hemophilia A (31) . A large surface area of FVIII was involved in the association with PI containing lipidic particles suggesting that the protein was buried inside the particles. This not only masks the immunogenic epitopes on FVIII but it could also reduce FVIII exposure to plasma components, protecting FVIII from proteolysis and binding of opsonizing proteins. Administration of FVIII-PI resulted in reduced immunogenicity and prolonged half-life of FVIII in a (45) . We investigated whether attachment of PEG to the complex would yield further in vivo pharmacokinetic and immunogenic improvements. PEGylation is the covalent coupling of PEG chains to a therapeutic agent (46) . Due to the non-toxic and biocompatible nature of PEG, PEGylation became a popular method for the delivery of biopharmaceuticals to improve biological efficacy during the 1970s (47, 48) . The hydrophilic nature of PEG polymers allow binding of water molecules to form a water layer over the surface of PEGylated drugs. This increases the hydrodynamic radius of biopharmaceuticals and interferes with renal clearance. In addition, PEGylation provides a steric barrier against proteolysis, binding of opsonizing proteins and interaction with clearance receptors or cellular surface like those of the RES, thereby prolonging the circulation half-life of biopharmaceuticals. PEGylation can often interfere with critical macromolecular interactions and lead to a substantial reduction in activity and efficacy, though it should be noted that Mei and coworkers recently generated a series of FVIII constructs covalently linked to PEG that retained full activity (49) . PEGylation of lipid particles containing therapeutic proteins such as FVIII is an alternative option that imparts the protective beneficial effects of PEG on the particle without the risk of altering critical functions by covalently attaching it to the protein. Within the particle itself, FVIII is encapsulated in the lumen or intercalated in the lipid bilayer. The protein is released from the particle in vivo where it can participate in necessary intermolecular interactions such as association with vWF. Attachment of PEG to PI particles prior to loading of FVIII can drastically reduce the association efficiency, so PEGylation of FVIII-PI complex was achieved by passive transfer of 5 mol% DMPE-PEG 2000 after complexation of FVIII with PI particles (30) .
It is appropriate to mention here that our approach of complexing FVIII with PEGylated liposomes results in a configuration that is distinctively different from PEGylated liposomal FVIII reported by Baru et al. (50) . Their approach utilized synthetic PEGylated liposomes consisting of 97% POPC and 3% 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-n-[methoxy(polyethylene glycol)-2000] (DSPE-PEG 2000 ). FVIII was noncovalently attached to the outer surface of the PEGylated liposome by exploiting the interactions of specific protein sequences. While this approach allowed FVIII to be available for clotting at all times, it also exposed FVIII to plasma components such as proteases and IgGs. Moreover, as the protein was attached to the surface of PEG noncovalently, disassociation of FVIII immediately following administration was possible where it could be taken up by the hepatic clearance receptor LRP, providing little to no improvement of the pharmacokinetic profile.
In vitro we observed that addition of PEG allowed for the maintenance of high association efficiency as well as reductions in activity and protection from antibodies suggestive of substantial shielding of FVIII within the PI/PEG complex. Thus, we moved to test FVIII-PI/PEG in vivo. FVIII clearance from circulation is dependent on the specific binding to multiple catabolic receptors that mediate the endocytosis of FVIII (51) . Electrostatic interactions between positive residues on FVIII and negative residues on LRP result in the FVIII-LRP binding (52) . Several high-affinity binding sites for LRP interaction have been identified including sites in the A2 (Arg484-Phe509) and A3 (Glu1811-Lys1818) domains and a low-affinity binding site in the C2 domain (18, 19, 53) . LRP-mediated endocytosis of FVIII is facilitated by heparan sulfate proteoglycans, a component of the extracellular matrix (54) . The asialoglycoprotein receptor is another possible clearance mechanism that recognizes terminal β-D-galactose or N-acetyl-D-galactosamine residues and has been shown to interact with the B domain of full-length FVIII (55) .
Shielding of FVIII from interactions with clearance receptors can prolong the circulation of FVIII, but the ability to disassociate from the particle as needed in vivo must also be maintained. Following administration of the FVIII-PI/PEG complex, lower recovery at the initial 5-min time point and decreases in AUC invoke the argument that the protein may not be able to effectively exit the particle in vivo. With FVIII-PI, the benefits of prolonged circulation only became evident at later time points (31) . It follows that this region is where the additional protection of the particle from clearance mechanisms and opsonizing proteins would also become evident. It is possible that the uptake of PI containing particles by phagocytic cells of the RES is further reduced by the incorporation of PEGylated lipids. Inclusion of PEG has been shown to enhance the stability of liposomes in vivo by increasing the hydrophilicity of the liposome surface and minimizing nonspecific interaction with RES (56) . A prolongation of half-life in the terminal phase for the FVIII-PI/PEG particle is evident, but benefits from this increase are offset by the overall reduction of exposure at earlier time points and the larger quantity of protein required to establish equivalent concentrations.
Despite a reduction in immunogenicity following s.c. administration, the inhibitory titers significantly increased when FVIII-PI/PEG was given intravenously, the clinical route of administration for FVIII. The reason behind the increased immunogenic response following i.v. administration is not clear, but we speculate that the free fraction of FVIII may remain associated on the exterior of the PEG particle via electrostatic interactions and immunologic epitopes of this exposed FVIII are presented in a highly repetitive manner. This could promote compliment activation. Additionally, PEG may shield PI and thus negate the immunoregulatory effects of PI. Recently, we showed that PI can downregulate the expression of costimulatory signals in antigen presenting cells (APCs), suppress T cell activation, and increase the secretion of regulatory cytokines such as TGF-beta (57) . Further, after intravenous administration, liposomes are in direct contact with the spleen, promoting exposure to B cells. This is opposed to the subcutaneous space which is primarily filtered to the spleen via lymphatic circulation, and the large size of the liposomes may limit distribution via this system. It is surprising given the fact that PEG itself is generally believed to be immunologically inert, but Ishida and coworkers have reported the development of an IgM-based immune response to liposomes incorporating PEG 2000 -DSPE (58) . Development of this response is T cell-independent, B cell-mediated, and the spleen plays a critical role (59, 60) . Recognition of PEGylated liposomes by IgM could lead to compliment activation and further recruitment of APCs. If the development of an IgMbased response to the PEGylated liposomes is indeed the cause for this elevated immunogenicity, it is likely when extended to multiple dosing what little pharmacokinetic improvements we have observed will be lost due to the accelerated blood clearance phenomenon associated with this response (58) . In these studies, we used PEG with a molecular weight of 2000. It is possible that the barrier provided by the PEG on the outer surface of the PI particle proved to be too substantial of a barrier for FVIII release, and use of a lower molecular weight PEG may help facilitate the release of FVIII. However, given the severity of the immune response and associated concerns, inclusion of PEG in this liposomal formulation is not recommended.
CONCLUSION
PEG was successfully added to our established FVIIIlipid formulation. In vitro experiments suggested increases in association efficiency and protection from antibodies that could provide additional benefits in vivo. Circulating half-life was improved as expected, but overall exposure as determined by AUC was decreased. Despite improvements in the subcutaneous immunogenicity, intravenous immunogenicity was significantly amplified. This response may result in an accelerated clearance for FVIII-PI/PEG in a multiple dosing situation.
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